Introduction
Blue Procion HEGN is a chlorotriazine textile dye that has a leaving group X (where X is a halogen) that permits the occurrence of a covalent bond between the colorant and the hydroxyl or amino group of the fiber. 1 As part of the textile dye molecules do not react with the fiber 2 and the dye is highly colored, the effluent of the textile industry contains molecules of the colorant, even when an effluent treatment is applied. The problem is that the textile industry consumes a large amount of colorants, and it is estimated that 10 to 15% of textile dye is lost to the effluent, 3 which means that 1000000 kg/year of dyes are discharged into waste streams by the textile industry. 4 Normally, the textile dyes are synthesized to get a final product with high stability, meaning a chemical compound that is difficult to be degraded. 5 Thus, the colorant will contaminate the aquatic system for a long time. It should be emphasized that the presence of colorants in the aquatic system, even in small concentrations, can color large water bodies, which not only affect aesthetic merit but will also reduce the light penetration and photosynthesis. 6 In addition, some dyes are either toxic or mutagenic and cancinorgenic. 6 In this way, it is necessary to develop technologies to promote the colorant degradation or immobilization using filters, chemical coagulation, carbon adsorption and photodegradation process, 4 as well as analytical methods for textile dye determination to help the industries to control their effluent treatments and to help the environmental agencies to control the aquatic system contaminations. However, the monitoring and qualitative and quantitative analysis of textile dyes is not an easy task, because there are several compounds that present absorption at the same region in the visible electromagnetic spectrum, which causes the spectral interferences 7 that often, cannot be resolved by the derivative ratio spectra methods. 8 Chromatographic methods have the advantage that the colorants can be identified and quantified after the separation process without spectral interferences, but the separation of textile dyes such as Blue Procion HEGN is very difficult because the molecules are very polar and present several sulfonic groups 9 in the structure, characteristics that make the compound less volatile, limiting the exploitation of gas chromatography. 10 Even the usage of high performance liquid chromatography (HPLC) is limited as the presence of high polar groups make the compounds very soluble in water, presenting low affinity by the solid phase, even when ion-pair liquid chromatography is exploited. 9 For these reasons, quantitative methods for determination of colorants with several sulfonic groups are not available in the literature.
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The reactive thiphenodioxazine bonded to two monochlorotriazine groups (Blue Procion HEGN) (Fig. 1 A new spectrophotometric method involving flow injection analysis and textile dye aggregation effect is proposed. The method is based on the aggregation effect of Blue Procion HEGN at pH 3, which relocates its maximum absorption wavelength from 620 to 776 nm, avoiding the interference of other blue textile dyes. For this task, a simple and robust flow injection system was designed, which became a very stable analytical method. When the system was applied to Blue Procion determination in effluent of textile industry, precise results were observed (RSD < 2% within 1.0 and 5.0 mg l -1 HEGN). The analytical frequency was 80 measurements per hour; the analytical curve was linear from 1.0 to 5.0 mg l -1 HEGN; the detection limit considering three times the standard deviation of the blank solution (n = 10) was estimated as 0.03 mg l -1 HEGN; and recoveries between 95% and 105% were found. The system consumes 20 mg of sodium citrate and 125 µl of the sample per determination. No baseline drift was observed during extended (5 h) operation periods. fiber coloring and its tendency to form aggregates in water solutions was recently studied. 12 Our research group verified that the aggregation of Blue Procion at pH 3 relocates the wavelength of the maximum absorption of the textile dye from 620 to 776 nm. This effect was exploited here in the development of a selective flow injection method for HEGN determination.
Experimental

Reagent and solutions
All solutions were prepared with high-purity deionized water and the chemicals were of analytical-reagent quality.
The colorant standard stock solution, 1000 mg l -1 , was prepared each month by dissolving 0.1000 g of Blue Procion HEGN, Remazol Brilliant Blue R, Remazol Black B, Navy Blue Procion HER, Blue Remazol BB dye stuffs (furnished by the MR Malharia, Maringa County, Parana, Brazil) in 100 ml of water. The working standard solutions (1.0 -5.0 mg l -1 ) were prepared by proper dilution of the stock solution.
The citrate buffer solution (0.1 mol l -1 ) was prepared by dissolving 2.1014 g of citric acid monohydrate (Aldrich) in 90 ml of water and adjusting the pH to 3 (with HCl or NaOH solutions) and completing the final volume to 100 ml with water.
Samples
The industry effluents were collected in polyethylene bottles and rapidly brought to the laboratory, where the samples were filtered through a 0.45 µm membrane filter. Then the colorant determinations were carried out.
Apparatus and flow diagram
A Millikan peristaltic pump with Tygon pumping tubes, a Femto 600 Plus spectrophotometer with a tubular flow cell (optical path 10 mm, inner volume ca. 100 µl, a manually operated injector-commutator 13 and an acquisition program were used. The manifold was built up with i.d. 0.8 mm polyethylene tubing, T-shaped connectors and accessories.
The flow injection system (Fig. 2 ) was used to investigate the influence of the main parameters involved. The sample volume was selected by the sampling loop L and intercalated into the carrier stream C (water), the sample plug was transported towards a confluence point x where reagent R (citrate buffer) was added, and the buffer system was established inside the following reactor B. Passage of the processed sample through the flow cell resulted in a transient absorbance signal monitored at 776 nm and recorded as a peak with height proportional to the HEGN concentration in the sample. After peak maximum achievement, the injector-commutator was switched back to the position specified in Fig. 2 , starting another cycle.
Procedure
Influences of flow rates, buffer concentration, reaction pH, saline concentration, presence of potential interferants, measurement wavelength and sample injected volume were investigated.
The wavelength for absorbance measurements was selected by evaluating the HEGN aggregate and the other blue textile dye spectra.
The effects of the buffer and carrier stream flow rates on the analytical signal were evaluated by varying the buffer flow rate between 0.5 and 2 ml min -1 and the carrier stream flow rate between 1 and 3 ml min -1 . In all other experiments, the buffer and carrier stream flow rate were fixed as 1.2 and 2.8 ml min -1 , respectively.
The pH influence in the HEGN aggregation was studied by varying pH value from 2.0 to 9.0 and the colorant pK were determined by using potentiometric titration and the modified Gran function. 14 The influence of buffer concentration was evaluated by varying the citrate concentration between 5.0 × 10 -3 and 0.5 mol l -1
. The effect of the ionic strength in the analytical signal was evaluated by varying the NaCl concentration from 0.002 to 0.01 mol l -1 . The effects of the presence of interferant dyes were evaluated in the system dyes that are used by the textile industries and that absorb at the same wavelength as the HEGN (Remazol Brilliant Blue R, Remazol Black B, Navy Blue Procion HER, Blue Remazol BB).
Influences of flow rates and sample volume were studied by varying the pump rotation and the length of the loop, respectively.
Finally, the main analytical characteristics, such as the sampling frequency, reagent consumption, linear analytical range, precision and accuracy were evaluated by processing effluents from textile industries in the system.
Results and Discussion
It was observed that the spectra of Remazol Brilliant Blue R, Remazol Black B, Navy Blue Procion HER, Blue Remazol BB and Blue Procion HEGN textile dyes present a common band around 600 nm (Fig. 3) effect was observed for Blue Procion HEGN, which relocates the HEGN maximum absorption wavelength from 620 to 776 nm (Fig. 4) . This makes possible its quantification by measurement the absorbance signal at 776 nm because the other blue and black colorants that could interfere in the analysis did not present the same aggregation effect at pH 3 (Fig. 4) . The HEGN aggregation effect can be associated with the neutralization of the negative charge of the colorant by the protonation of the nitrogen groups by hydrogen ions, which decrease the repulsion among the molecules, permitting the predominance of intermolecular attractive forces. It should be stressed that the tendency of HEGN to form aggregates in water solutions was recently studied, 12 but the application of the effect in the development of an analytical method is proposed for the first time here.
The better pH conditions to HEGN aggregation was evaluated by using the flow injection system (Fig. 2) . It was observed that the aggregate peak appears only in pH values lower than 6 (Fig.  5) . The peak of the aggregate increases with the hydronium concentration until pH 3; for lower pH values, the molar absorptivity is practically constant (Fig. 5) . Probably for pH values between 2 and 5 the global charge of the molecule is neutral and the repulsion forces are minimal, so the aggregation effect is observed. It should be noted that the sulfonic groups pKs are ca. 2 and the azo groups present pKs values between 6 and 10, indicating that for pH values higher than 6 the global charge of the molecule is negative (sulfonic group charge) and the dye aggregation cannot occur due to repulsions among the colorant molecules. In this way, pH 3 was selected as the better pH value; to keep it constant, a citrate buffer solution was used. The citrate buffer concentration was varied from 5.0 × 10 -3 to 0.5 mol l -1 . For buffer concentrations higher than 0.1 mol l -1 associated to a buffer flow rate of the 1.2 ml min -1 , the analytical signal was constant (Fig. 6 ) and the pH was kept at 3; thus this buffer concentration was maintained in the subsequent experiments. The flow injection system was projected to obtain the better compromise between analytical frequency and sensitivity. As the flow rate of buffer solution was fixed as 1.2 ml min -1 , it was noted that when the sample carrier stream was 2.8 ml min -1 the maximum analytical signal was obtained, because the carrier stream flow rate/buffer flow rate ratio was 2.3 which avoided an excessive buffer dilution and at the same time permitted an adequate homogenization to occur. It should be stressed that the better volume of sample selected was 125 µl; this corresponds to the half length of the reactor B, which helps in the homogenization between sample and buffer solutions but avoids an excessive sample dispersion. Under these conditions, the analytical frequency (80 measurements per hour) was considered satisfactory.
The saline effect in the analytical signal was evaluated because salts are added during the preparing of the dye solution in the textile industry, and the effluent can present a variable saline concentration. It was observed that the addition of NaCl concentration from 0.002 to 0.01 mol l -1 do not cause any significant change in the analytical signal, indicating that the textile industry effluent can be analyzed without controlling the saline concentration in the sample. In this way, the flow system was projected with only one reagent, the citrate buffer solution.
Concerning the potential interferants, only colorant dyes that absorb at the same wavelength that the HEGN and that are used by the textile industries were investigated. The effect of the presence of potential interferants was evaluated by processing in the system an HEGN standard solution of 30.0 mg l -1 plus 30.0 mg l -1 of Remazol Brilliant Blue R, Remazol Black B, Blue Remazol BB and Navy Blue Procion HER. No interference occurs (Fig. 4) when the analytical signal is measured at 776 nm (aggregate peak).
The selected sample volume for HEGN determination was fixed at 125 µl in order to attain a linear analytical curve concentrations; for this task, the only change is the sample volume.
Remarkable stability and robustness were observed when the proposed system was applied to HEGN determination in textile effluent samples (Fig. 7) . The flow injection system procedure yielded precise results (RSD < 2%, n = 3; within 1.0 and 5.0 mg l -1 HEGN) and baseline drift was not observed during long operating periods (5 h).
The proposed flow injection system was able to run about 80 HEGN measurements per hour, consuming only 20 mg of sodium citrate and 125 µl of the sample per determination. The analytical range was 1.0 up to 5.0 mg l -1 of HEGN. These values can be varied by increasing or decreasing the selected sample volume. Recovery tests within 95.0 and 105% were obtained for the effluent samples (Table 1 ). For the aboveselected conditions, the detection limit considering three times the standard deviation of the blank solution (n = 10) was estimated to be 0.03 mg l -1 HEGN. It should be stressed that a comparison with other analytical methods is not possible as there is still not an alternative method in the literature to determine Blue Procion HEGN.
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